Running Head: Whole mount immunostaining of nerves to visualise repair.
Introduction.
Whole mount in situ hybridization analysis or antibody labelling has been used in a number of developmental systems to study gene and protein expression in a variety of model organisms [1] . Immunolabelling of whole embryos or tissue followed by a simple tissueclearing protocol and confocal microscopy allows cell migration, protein expression and tissue morphology to be visualised in three dimensions.
The events of Wallerian degeneration, axonal regeneration and functional repair following injury require interactions between many cell types, such as the neurons of the peripheral nervous system (PNS), Schwann cells, immune cells, endothelial cells and nerve fibroblasts [2] [3] [4] [5] [6] . These interactions lead to a directional migration of Schwann cells and regrowth of axons towards the distal part of the nerve, but it is often impossible to follow the paths of individual or groups of axons as they may well leave the plane of a thin cryostat or paraffin tissue section. To solve this problem, we have developed a modified whole mount staining protocol for sciatic nerves to analyse peripheral nerve repair following both nerve transection and crush models of injury [7] . This protocol has been used for our own research as well as successfully by other researchers in the field of peripheral nerve development and repair [8, 9] . In contrast to the 'two-dimensional' staining of thin cryostat or paraffin sections of peripheral nerves, the method is ideal for visualizing progression of blood vessel regeneration, Schwann cell migration, axonal regrowth and remyelination during the process of PNS regeneration following injury. Figure 2 shows the use of the whole mount immunostaining to visualize 4 blood vessels (marked with the endothelial cell marker CD31) and axon regeneration (marked with neurofilament, NF) 5 days after sciatic nerve transection injury. Figure 3 shows axonal regeneration (NF) and Schwann cell (S100) staining in the nerve bridge 7 days after transection injury. Finally, Figure 4 shows the whole mount immunostaining using a transgenic mouse line, with a Schwann cell-specific expression of green fluorescent protein (PLP-EGFP mice) [10] , together with a neurofilament stain to visualize both axonal regeneration and Schwann cell migration.
Materials

Mouse sciatic nerve injury, nerve dissection and fixation
1. Isoflurane anaesthetic set up for small animal surgery.
2. Thermostatically heated surgical pad. 11. 70% alcohol in a spray bottle. 4. Primary antibodies.
5. Appropriate fluorescently labelled species-specific secondary antibodies.
6. Clearing solutions: 25%, 50% and 75% glycerol (v/v) prepared in PBS.
7. Glass slides.
8. Vacuum grease. 6 9. CitiFluor anti-fade mounting medium.
10. 20mm x 40mm glass coverslips.
11. Nail varnish.
12. Epifluorescence and confocal microscope.
Methods
Mouse sciatic nerve transection or crush injury
Sciatic nerve crush or cut procedures are performed on adult wild-type or transgenic mice, usually between 2 and 3 months of age (weight greater than 20g).
1. Prepare clean cages and labels for mice undergoing surgery.
2. Prepare a sterile surgical area with drapes, the anaesthesia machine, sterilised surgical tools, a diluted bupivacaine solution (1/10 dilution of 0.25% stock in sterile PBS to make 0.025% preparation for use) and heating pad in the designated surgery room.
3. Anaesthetise the animals with isoflurane in the anaesthesia box.
4. Transfer the mouse to the mask and remove the hair around the incision area with a hair clipper.
5. Use sticky tape to gently secure the rear legs on heating pad and test the depth of anaesthesia by checking the toe reflex to ensure the animal is fully anaesthetised.
6. Identify the position for incision on the mid-thigh of the animal and perform a skin cut (approximately 1cm in length) using scissors.
7. Carefully separate the gluteal and the hamstring muscles with scissors and forceps to expose the sciatic nerve. seconds, and again for 30 seconds at the same site but orthogonal to the initial crush. For a nerve cut, the nerve is transected using fine scissors at the same point as for crush.
9. Close the gluteal and the hamstring muscles using an 8.0 suture and topically apply one drop of 0.025% bupivacaine solution above the muscle for local analgesia.
10. Close the skin with a surgical clip using an Autoclip applier.
11. Weigh the mouse and put the mouse in the heated recovery box.
12. Wait until the mouse fully wakes up and then return back to the cage.
13. Repeat step 3 to 12 for the next mouse undergoing surgery.
14. Check the mice that have undergone surgery each day. The weight/condition of the animals post-surgery should be checked and recorded daily until they are euthanased for analysis.
Dissection and fixation of mouse sciatic nerve tissue.
1. Clean the dissecting area with 70% (v/v) alcohol/water.
2. Cover a corkboard with tin foil and then wash with 70% alcohol.
3. Fill the 7 ml screw top bijoux containers with 5ml 4% PFA.
4. Kill mice by using the appropriate approved procedure such as using carbon dioxide inhalation and/or cervical dislocation.
5. Pin the mouse carcass out onto a cork board and spray the mouse body with 70% alcohol to keep the fur wet and to not interfere with the dissection.
6. Use forceps and scissors and remove the skin from lower part of the mouse's body. 8. Clean the dissecting area and dissecting tools. 
Mounting and imaging of whole mount stained nerve
Following completion of the whole mount immunolabelling, the nerve tissue is now ready to be mounted onto a glass slide for imaging.
1. Place the stained nerve tissue in the centre of the glass slide and gently pull both ends of nerve tissue with forceps to keep the nerve tissue straight (see Note 10).
2. Apply vacuum grease on the glass slide around the four corners where the glass coverslip will be placed（we would usually use 22mm×40mm glass coverslips）.
3. Place a coverslip on the top of the vacuum grease and apply a gentle pressure to allow the coverslip to just contact the nerve on the glass slide.
4. Apply CitiFluor anti-fade mounting medium on one side of the coverslip to allow penetration through the whole area covered under the glass coverslip.
5. Seal the coverslip around using clear nail varnish and allow the varnish to fully dry (see Note 11 for storage).
6. Stained and cleared nerves are imaged using a confocal microscope and several Z-series stacks are captured covering the entire field of interest. Individual series may then be flattened into a single image for each location and then combined using image analysis software such as Adobe Photoshop (Figures 2, 3 and 4) . 3D imaging and reconstructions may also be generated using appropriate 3D software such as Fiji and Imaris software.
Notes
1. In order to visualize blood vessel regeneration, Schwann cell migration and axonal regeneration in the nerve gap, no re-anastamosis of the severed nerve, either by suture or by fibrin glue, is performed in the nerve transection procedures. Without re-anastamosis, a nerve bridge will be formed between the proximal and distal stumps of the nerve 4 days following transection (Figure 1 ) [11] . The nerve bridge length may vary between 1.5 and 2.5 mm in the mouse [7] .
2. For analysis of repair following nerve crush injury, the entire sciatic nerve proximal and distal to the injury, including tibial, peroneal and sural branches are carefully dissected as distally as possible and the intact nerve tissue. To ensure good antibody penetration into the nerve post-fixation, using fine forceps, the epineurium is carefully removed from the entire length of nerve tissue.
3. During dissection, great care must be taken to not damage the delicate bridge tissue formed between the proximal and distal nerve stumps following nerve transection. In order to preserve the nerve bridge tissue, the sciatic nerves (3-5mm proximal and distal to the injury site) together with the muscles underlying the nerve bridge are dissected out for fixation. Muscle tissue still attached to the nerve will be removed after the paraformaldehyde fixation.
4. The epineurium in the distal nerve stump prevents antibody penetration and it needs to be removed in order to visualize axonal regeneration and remyelination in the distal nerve stump. However, the blood vessel regeneration, Schwann cell migration and axonal regeneration can be visualized in the nerve bridge without removing the epineurium.
5. For samples of transected nerves, several nerve preparations can be stained in the same 7ml bijoux container. For crush injury, we normally dissect out a segment of nerve longer than 2cm and it is better to process the nerve crush samples separately, otherwise the nerves often tangle with each other. 
